PROGRAM DESCRIPTION

Description of Operation

Vehicle/Powertrain Configuration

The dlectric vehicle model is based upon conventional component arrangements as shown in Figure
31. The battery is electrically connected to the inverter/controller. Auxiliary loads and auxiliary power units
are also assumed to be directly connected to the traction battery. The motor and inverter/controller are also
connected viaadirect electrical connection. The single motor is mechanically connected to the vehicle wheels
through a transmission which may have either 1 or 2 gear ratios. L osses between components are not
explicitly modeled (e.g. electrical transmission losses) but may be included in the component efficiency
definitionsiif desired. Friction and windage losses in rotating components are associated with the particular

component and also may be reflected in the efficiency maps.
Road Load Power

In theory, SIMPLEV's operation is easily understood; the power required at the driveshaft of the
vehicle to move the vehicle from the speed at one time step to the speed at the next time step (i.e., v, toV,) is

calculated using:

P(t) = Pacc + Pgrade + Paero + I:)rolling + I:)bearing

Pace = (Mg dv(t)/dt) - v(t)

Pyade =W -dn(®)- v(t)

Paero = [%2p Cyly) AV ()] V()

Proiing = [(Co+Cyv(t)+C,v(t)*+Cov(t)*)- W]- v(t)
Poearing = Tg- Su(t)
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Figure 31
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where;

P(t) = power as afunction of time

P = acceleration/decel eration inertia power

Pyade = power associated with gravity

Po = aerodynamic drag power

Protiing = rolling resistance power

Proearing = wheel bearing loss power

M, = mass equivaent, includes rotational inertia of 3% of vehicle weight (i.e, M, =
1.03:-W/g,

g = acceleration of gravity

p = dengity of air

Cy(y) = aerodynamic drag coefficient as afunction of wind

yaw angle y

A = frontal area of vehicle

v(t) = vehicle speed as a function of time

v (1) = relative wind speed in direction of travel asa

function of time

C» C,,C,, C, = coefficients of rolling resistance

W = weight of vehicle

Ty = whee bearing torque drag

() = road grade angle measured from horizontal
Su(®) = wheel speed as afunction of time.

The aerodynamic drag coefficient input by the user, C,, is corrected for wind yaw angle according to

the following equations:

Vwind,x(t) = _V(t)' S r-](OC)_VWind' S n(B)

Vwind,y(t) = -V(t)' COS(OC)_VWind' COS(B)

vi(t) = [(Vuinax(0)? + Vingy (1)1
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ll‘[ = tan_l(vwind,x + Vwind,y)

Y =o-y

Caly) = C (1+alyp), for [y| < 17.5°
and

Iyl =17.5° fory >17.5°
where;

Vainax(t) = component of air speed relative to vehicle in direction of travel

Vuiny(t) = component of air speed relative to vehicle perpendicular to direction of travel

o = vehicle direction of travel (North=0)

B = wind direction (North=0)

Vyind =wind speed in direction 3

1] =wind direction relative to vehicle

v (1) = wind speed relative to vehicle

Y =wind yaw angle (direction of v,(t) relative to vehicle)

aand b = coefficientsinput by the user. Default values of a=0.00194 and b = 1.657026 are

assumed in lieu of values specified by the user.

Driveshaft/Transmission Power

The driveshaft torque is dependent upon the resultant direction (positive or negative) of the road load
power, P,. If the power required is positive, the power at the driveshaft of the vehicleis calculated as:.

Pd(t) = Pacc + Pgrade + Paero + I:)rolling + I:)bearing

If the power required to move the vehicle from v, ; to v, is negative, the power at the driveshaft is calculated

as:

Pd(t) = Pacc + Pgrade
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Thislatter case represents power which must be absorbed to dow the vehicle (i.e., whenv, ; - v, < 0)

when P, < 0.

The driveshaft torque, t,, isthen calculated from the vehicle speed, v,, and the tire rolling radius, r,

for the appropriate condition. These relationships are asfollows:

Sw =V, + 21r
Tq =t-(Py=s,), Py<0

where;

f, isthe fraction of torque available for regenerative braking. Conversely, 1-f, isthe fraction of
torgue absorbed in the vehicle friction brakes.

Tire Slip Limits. The maximum possible wheel force for both acceleration, F,, .., . and deceleration,

Fumaxa 1S Calculated from the following formulas:

I:w,max,a = Mo w 'fd
I:w,max,d = H ‘W

where;

coefficient of static friction between the vehicle tires and the road

K

—h
o
1

fraction of vehicle weight supported by the drive wheels
If either of these limits are exceeded while attempting to attain the desire target speed, SIMPLEV
iterates a solution for vehicle speed whereby these limits are not exceeded. Under these conditions, the

maximum road/whedl traction under acceleration and deceleration is afforded.

Motor
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Using the driveshaft torque and speed, the efficiency isthen determined from the datainput viathe
transmission file for the appropriate gear ratio using a double linear interpolation scheme. From the
calculated driveshaft power, P, and the transmission efficiency, n,,, the power at the transmission/motor
interface, P, is calculated from

=P, 1,, for P,<0 (regenerative braking quadrant of operation)

m

= P, + m, for Py > 0 (driving quadrant of operation).

The motor speed, s, and motor torque, t,,, is then calculated from the transmission gear ratio, I gears

the transmission driveshaft speed, and previously calculated motor power P,;:

S = Syl gear
T =P,* Sn

From the motor torque and speed, the motor efficiency, n,,, is obtained viaadouble linear
interpolation. Since the inverter/controller efficiency tables are also given in terms of motor output speed and

torque, the inverter/controller efficiency is likewise determined.

Maximum Motor Torque. At this point, a check is performed to determine if the maximum motor
torque envelope has not been exceeded; comparing t,, to the interpolated maximum torque value, T, ., from
the motor file. If the maximum motor torque envelope has been exceeded, t,, is set equal to T, and a

solution for the following relationship is found by iteration of v,

I:)m,manx = Pd + T]tr

where P, . iSafunction of motor speed, P, isafunction of vehicle speed, and 1, isafunction of driveshaft

torque and speed.

Under acceleration, this solution gives the fastest speed possible within the maximum motor torque envel ope.

Under deceleration, the maximum amount of regeneration power is returned to the battery.
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Inverter/Controller

From the motor power, P.,, and the motor efficiency at the current operating point, 1,,,, the power at

the motor/(inverter/controller) interface, P, is calculated by one of the following relationships:

P, = PN for P,, < 0 (regenerative braking quadrant of operation)

P, =P, + n,for P,,> 0 (driving quadrant of operation).

Battery

From the inverter/controller power, P, and the inverter/controller efficiency at the current operating
point, m;, the traction power at the battery/(inverter/controller) interface, Py ., iS calculated by one of the

following relationships:

Ps vae = P, - 5, for P, < 0 (regenerative braking quadrant of operation)
Ps vae = P, = 1;, for P, >0 (driving quadrant of operation).

The total bettery power, Py .4, iS determined by algebraically adding any power contributed by the

auxiliary power unit, Py 5y, and auxiliary loads Py, as follows:

Ps tota = Pearu + Psax * Po tract

By convention, battery power and current is positive out of the battery (discharge) and negative into

the battery (discharge). By thisrule, Py ,, is generally positive and Py 5, is generally negative.

From the calculated total battery power, Py .4, and the battery characteristics (i.e., open circuit
voltage, V o, and resistance, dV/dl; at the current depth-of-discharge) is found by linear interpolation of the
datainput via the battery file, the battery current (1) is determined by solving for the real root of the
guadratic equation:

Pe o = AV/dl - 152 + V- Ig
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which isgiven by:
(-Voct(Voc?4 - dVv/dl - Py e)¥?) + 2 - dV/dI.
The battery voltage under load, Vg, isthen calculated from the relationship:
Vg =Pgioa T I
Since the battery, auxiliary power unit, auxiliary loads, and powertrain are assumed to be electrically

connected in parallel (Figure 31), the respective current to each of these components can be calculated as

follows:

| apy = Papy ¥ Vg
Iaux = Paux = VB
Itract = PB,tract = VB .

Minimum Voltage

The calculated battery voltage, Vg, isthen compared to the minimum voltage, V., as specified by

the user.

If Vg <V, thenVyisset equa to V,,,, and the maximum battery current at this voltageis found
from the relationship:

ymin = (Vo - Vo) + dV/d

Vmin —

The remaining current and power at the minimum battery voltage available to the powertrain isthen

calculated:

IVmin,tract = IVmin - (PAPU - VB) - (Paux = VB)

Ptract,Vmin = IVmin,tract ) Vmin
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A solution for v, isthen found by iteration which satisfies the rel ationship:

Ptract,Vmin = Pd = (ntrans ' T]m'ni)

where;

P, isafunction of vehicle speed; and 1., N, aNd 1; ae ultimately functions of the driveshaft
torque and vehicle speed, (T, and v,).

This solution gives the maximum vehicle speed possible while being constrained by the minimum

battery voltage.

Maximum Current

The calculated current required to the powertrain is compared to the maximum allowable current,
. Which isafunction of motor speed, s,,. If the maximum current for the calculated motor speed is
encountered (i.e., |y > 1,) thenl . isset equal to |, . @Nd the battery voltage, Vg, is determined from

the relationship:

Ve =Voe = (Inactaputand - dV/dl.

This battery voltage, Vg, isthen compared to the minimum voltage, V.., specified by the user. If Vg
<V, then Vg isset equal to V ;, and the procedure outlined above isfollowed. If Vg >V ., the maximum
power available to the powertrain, P, and the currents required for auxiliary loads, auxiliary power unit,

and total battery current, I, is caculated according to the following relationships:

Ptract = Vmin ' Imax

Iaux = aux = Vmin
| apy = Paru ¥ Vi

IB = Ima><'|-|aux-|-|APlJ'

A solution for v, isthen found by iteration, that satisfies the relationship:
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Ptractivmin = Pd = (T] “Mm - T].)

where;

P, isafunction of vehicle speed; and 1, 7,,, and n, are ultimately functions of the driveshaft torque
and vehicle speed, (t4and v,).

Auxiliary Power Unit

In a series hybrid, the key considerations in specifying the control strategy (i.e., battery DOD at
which the vehicle switches into and out of hybrid operation and generator output  power) are modeled in
SIMPLEV. The constant generator output mode is straightforward and need not be described here. However,

the variable power mode requires some explanation.

Variable Generator Output. The generator power, Py, isbased upon minimum and maximum
values sdlected by the user and the average power required to propel the vehicle on the driving cycle during
the previous time period. The average power, P,,, is calculated by averaging the traction power (power input

to the inverter/controller) over aspecified time period, At asfollows:

Pyen ISthen calculated by:
Pgen = 0 - Py,

fgisauser input factor, and Py, is subject to the maximum and minimum specified power allowed, such that:

if Pyen <P,

gen,mins then Pgen = gen,min

if P >Prenmac then P = Pognma -

The efficiency, 1, , Of the generator isinput as afunction of P/P,, based on available test data.

62



The output power of the engineis given by:

Peng = Pgen /T] gen

where P, is the power out of the engine, and 7, is the generator efficiency.

The fuel used (Afu) at each time increment At; is calculated from:

Afu = bsfc - P, - At; /3600
Afu = bsfc - P, - At; /3600 - (/(py)

where bsfc is the brake specific fuel consumption (gm/kW-h) of the engine and p; is the density of the fuel.

The emissions of HC, CO, NO, out of the enginein time increment At; are given by:

A(HC,CO,NOy) g = (gM/KW-h) HC,CONOy - Py, - 1
where:

(gm/kW-h) HC, CO, NO,, are the specific emissions of the engine.

The emissions downstream of the catalytic converter are:

&HC,CONOy) 4 = &(HC,CO,NOy) gy - [1 - Ne(HC,CONOy) 4]
where:

N (HC, CO, NO,) are the conversion efficiencies of the catalyst for the pollutants HC, CO, and NO,
. The€efficiency of the catalyst depends on its temperature and thus it increases with time when the engine is
turned on and decreases with time after the engine isturned off. These effects are modeled by expressing the

catalyst efficiency as.

ne/no (HC,CO,NOX) =1-e- (teltc)
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wheret, isthe effective time the engineis on, t. is the characteristic time for warm-up of the catalyst, and ),
(HC, CO, NO,) are the steady state conversion efficiencies of the catalyst for HC, CO, and NOy. The

effective on-time of the engineis calculated as follows:

engineon t =t +At,,

engineoff t.,=t,-a-Aty

where"a'" isafactor to account for the difference between the heat up and cool down times of the catalyst
("a" isusually taken to be less than 1.0). The maximum value of t, permitted isthat corresponding to

equal to 99% of m, for each of the pollutants.
Battery Capacity and DOD

During the program execution, the ampere-hours into and out of the battery are summed aswell as
the average ampere-hours through the battery. These quantities are then divided by the appropriate time to

calculate the average charge, discharge, and net current, respectively. Thisis shown by the following
equations

Iavg,charge =X (Icharge ' Atcharge) = z]Atcharge

lavg disch =X (ltisch - Atgisen) T BAlggng
lag =X (lg-At) + ZA
where:
Ah At =X (I5-At) in the above equation.

The average battery current, ., is used to calculate the available battery capacity from the Puekert
relationship using the constants from the battery file. This equation is of the form:

Ah.,=a-l,,, whereaand b are constants.
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The depth-of-discharge (DOD) at each time increment of the simulation is then given by the

following:

DOD = Ah,, + Ahg,,

Battery Scaling

Battery scaling methodology straightforward. After the user enters a modified battery ampere-hour
capacity, the Puekert relationship, dV/dl versus DOD, and battery weight is adjusted according to the
following relationships:

Ahc, =Ahe,,
(avrdi), =dV/dlg- Ahcyy + Ay,
a =b - (Ahgp: + Ahc )™
Wiodule 1 =W odue - Ahcgpr ¥ Ahey,
where:
Ahc,,; = the new ampere-hour capacity for which the battery isto be scaled
a = new Peukert constant
(dv/dl), represent the new vaues of battery dv/di,
Wiodue 1 Winoaue = NEW and initial battery module weight,
respectively.
Energy
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Energy calculations are based upon the summation of the calculated power at each component

interface over the appropriate time intervals.

Es gross =2 (Pg o - At) When Pg i > 0
Es g =2 (Pg ot - A) When Py iy <O
Enpy =X (Pyp, - Aty When Py, = 0
= =X (P, -AywhenP,, =0
Eac criving =2 (Pgyaq - Ay When Py >0
Eract regen =2 (Pgyaq - Ay When Py <O
E; ariving =X (P, -A) whenP, >0

E; regen =X (P, -At)whenP, <0

Em,driving =X (PmAt) when P,>0
E =2 (P, - Aty whenP,,<0

m,regen
Edriving =X (P,- Ay whenP,>0
B regen =X (P, - Ay when P,<0
Ep et = Bg grossEB g
where:
Es gross = total energy discharged from the battery
Es g = total energy into the battery
Enry =total energy supplied by the auxiliary power unit
E,.x = total energy consumed by auxiliary loads
Eact driving = total battery energy used for vehicle traction
Eract regen = total battery energy recovered from regenerative braking
E; driving = total energy out of inverter/controller
E; regen = total energy into inverter/controller

Ennaiving = total energy out of motor

Ernregen = total energy into motor

B et = net battery energy

Eq driving = total energy delivered to whedls

Ed regen = total energy at driveshaft from regenerative braking
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Average Battery Power

The average battery discharge, charge, and net power is calculated from the appropriate energy
divided by the appropriate total time viathe following equations.

Pavg,disch = EB,gr0§ + tdis;ch

Pavg,chg = EB,chg = tchg

Pavg = EB,net =t
where:
Pavgdisch = average battery discharge power
Pavg,chg = average power into batter y
Pag = average battery power
Peisch = total time during battery discharge
teng = total time during battery charge
t = total time of simulation.

Average Component Efficiencies

The average component efficiencies are obtained for each mode of operation (driving and
regeneration) by division of the appropriate calculated energy quantities. The specific average component

efficiencies which are calculated in the simulation are given below:

T].31\/g,transdriving = Ed,driving = Em,driving
T].31\/(‘:j,trans,resgen = Em,regen - Ed,regen
T]avg,m,driving = Em,driving + Ei,driving
T]anvg,m,r(-zgen = Ei,regen - Em,regen
T].3:\/g,i,driving = Ei,driving + Etract,driving
T].31\/g,i,regen = Etract,regen = Ei,regen
T].31\/g,ptrn,driving = Ed,driving = Etract,driving
T].31\/g,ptrn,regen = Etract,regen - Ed,regen'
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Battery Efficiency

The battery efficiency is obtained for each mode of operation (charge and discharge). The fictitious
battery power assuming no dV/dl lossesis calculated for each time step and summed to determine the total
battery energy without losses. These energy values are then used to determine the battery energy efficiency

according to the following equations:

Pys =Vl

Egysdisch =X (PS/S - At) when Pys>0
Egschg =X (PS/S - At) when Pys<0
Mavg batt disch = Bg gross ™ Egysisch
MNavg,batt,chg = Bg g T Egysong:

Average Component Losses

The average component power losses are calculated from the energy through each component for

each mode of operation asfollows:

LB,din:h = (%S,dixh - EBygroﬁ) - EAt
Loy = (Bg.eng ~ Eyseng) * ZAL

L maiving = (Emariving = Ei riving) = ZAT

Lo = (Eiyregen - Em,regm) + ZAt
Liaring = (B griving = Evvactariving) = ZAL
i = (Eyact regen = Eiregen) ¥ ZAL
s = (Bqariving = Emariving) + ZAt
ersrger = (Emregen ™ Butregen) = ZAL

Coastdown Calculations

The calculation of vehicle coastdown times and loads is an iterative solution for the vehicle speed,

v(t), in the road load equation wherein the energy dissipated via aerodynamic drag, whedl bearing drag, and
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tire losses are equal to the change in vehicle kinetic energy from one time step to the next. In other words,

v(t) is found which satisfies the following equation:
'Pacc = Pgrade + Paero + I:)rolling + I:)bearing'

The coastdown times for the speed ranges listed in the ssimulation output are linearly interpolated
from the calculated times at the speeds closest to the desired speeds.

Input Parameters and Component Definition

As previoudly described, the input parameters are either read from component files or input from the
PC keyboard. The following sections describe the data contained in the component files and the format of
these files. From thisinformation, the user may construct his own component files. Component files
constructed by the user must be in ASCII format. All parameters must be present in the order and location
specified. If aparameter value (such as C, isnot used, a"0" must be entered at the appropriate place as a
"place holder" in order for the information to be properly read by SIMPLEV.

Vehicle Definition

The simulated vehicle is completely described mathematically by the coefficients in the road load
equation. These coefficients are initialy read from the vehiclefiles (i.e., those ASCII fileswith the ".VEH"
extension). Theuser of SIMPLEV can write his own vehiclefiles and input them into the program at the

appropriate prompt as described previously in this report.
Vehicle File

The vehiclefile structure is shown by example of the IDSEP vehiclein Figure 32. Except for the
first line of the vehicle file, numerical values should be the first to appear on aline. Descriptions of these

values or notations for the convenience of the user may be entered after the numerical values on the sameline.

These notations are optional.

69



Line 1. Thefirst line of the vehicle file must contain a character string. The information on thisline

is used to identify the vehicle in the program output.
Line2. Line 2 contains the weight (in pounds) of the vehicle chassis and body. SIMPLEV will add
the payload and calculated total battery weight to thisweight to calculate the total vehicle weight. The battery

weight is either with or without ancillary subsystems depending upon whether or not these are included in the

battery file.

Line3. Theweight of any payload including driver (in pounds) should be entered on line 3.

Line 4. The vehicle agrodynamic drag coefficient, C,, is dimensionless and should be entered on line
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Figure 32.
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Line5. The projected frontal area, A, of the vehicleisentered on line 5.

Lines6 through 9. The coefficients of tire rolling resistance, C,, C,, C,, and C, should be entered on
lines 6, 7, 8, and 9 respectively. The respective dimensions of C,, C,, and C, are §/ft, (§/ft)? and, (s/ft)%. C,is

dimensionless.

Line 10. The coefficient of tire friction with the road surface, |, , is entered on line 10.

Line 11. Thefraction of the fully loaded vehicle weight (including battery, passengers, payload, and
APU components over the drive wheels) isentered on line 11. The vaueson lines 10 and 11 are used to

determine the point of impending wheel skidding during acceleration.

Line12. Thetirerolling radius (in ft.) of the drive wheel(s) is entered on line 12.

Line 13. The gross vehicle weight rating in pounds (GVWR) is entered on line 13. If the total
calculated vehicle weight exceeds this value, a caution warning is displayed on the "Change V ehicle
Parameters Menu" during the input session and on the printed output. SIMPLEV will still run evenif the
GVWR is exceeded.

Line 14. Thefraction of energy at the drive whedl(s) (avalue between 0 and 1) which isavailable
for regeneration is entered on line 14. A value of zero represents a vehicle with no regenerative braking,
while avalue of 1 represents a vehicle which brakes by regeneration only with no energy being absorbed by
friction braking.

Line 15. Whed bearing drag (<) in Ib-ft should be entered on line 15.

Most of the numerical values contained in thisfile will be displayed in the "Change V ehicle

Parameters Menu" where the user will be given the opportunity to change or modify them.
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Transmissions

Two types of transmissions or motor to wheel interfaces are possiblein SIMPLEV. A conventional
one or two speed geared transmission is described by the torque and speed versus efficiency file. Thisfile
defines the performance of the transmission in two quadrants of operation: positive speed and both positive
and negative torque. A simple continuoudly variable transmission model is aso available and is defined by

parameters input from the PC keyboard.

One or Two Speed Geared Transmissions. Thistype of transmission is defined by the ASCII
transmission files (those with ".TX" filename extensions) according to the example of the IDSEP
transmission file shown in Figure 33. The efficiency matrix for the transmission isin terms of the
transmission output torques and output speeds. In this example the values in the efficiency matrix are either
unity or zero since the entire driveline efficiency isincluded on the motor efficiency matrix. Zero values
reflect no regeneration below the equivalent driveshaft speed of 16 km/h (10 mph), or 148 rpm transmission
output shaft speed. Although including zero efficiency is not a completely accurate description of vehicle
operation, it produces the same result as would be accomplished in real hardware. The added benefit of this
approach can be seen in the printed output where the average transmission loss during regeneration shows the
average power which is dissipated in the vehicle brakes for the cycleif regeneration were deactivated below
this speed.

Thefirgt line of the transmission file contains a character string identifier which will be used in the
program output to identify the transmission used. Line 2 containsthe value for the low ratio. Integer values
on lines 3 and 4 define the size of the low gear efficiency matrix (rows and columns, respectively). The

maximum size of the low gear efficiency matrix islimited to 20 rows by 30 columns.

The transmission matrix is entered next as shown in Figure 33. Column headings of transmission
output torque (in Ib-ft) are entered on line 5 in increasing order (negative torque represents the regenerative
braking quadrant of operation). The transmission output speeds (in rpm) and efficiencies are then entered
beginning on line 6. Thefirst value to appear on these lines must be the speed coinciding with the efficiencies

entered on the remainder of thisline. The number of
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Figure 33.
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efficiencies entered must coincide with the number of torque entrieson line 5. For single speed

transmissions, the high gear data described below may be omitted.

Following the low gear transmission efficiency matrix, the second gear ratio and the vehicle speed (in
mph) at which a gear change occursis entered. |If the vehicle speed is below thisvalue, the transmission is
assumed to operate in low gear. Likewisg, if the vehicle speed is equal to or above this value, the
transmission is assumed to operate in second gear. The speed at which the transmission is shifted may be
changed on the "Change V ehicle Parameters Menu" during the input session. Next, the size of the high gear
efficiency matrix (rows X columns) is defined by integer values. The high gear efficiency matrix isthen
entered as described above for the low gear efficiency matrix. The maximum size of the low gear efficiency
matrix is limited to 20 rows by 30 columns. Comments following the numerical values for gear ratios and

gear change speeds are for user convenience and are ignored by SIMPLEV.

During program execution, SIMPLEV performs adouble linear interpolation from the datain the
transmission efficiency matrix. If either the transmission output speed or output torque is beyond the data
supplied, then alinear extrapolation is performed. This calculated efficiency is then used to determine the

transmission input power.

Scaling of One or Two Speed Transmissions. During the input session, the user is given the
opportunity of scaling the transmission. The user is prompted for scaling factors for output speed and output
torgue. If thisoption is chosen, the row and column values for speed and torque are multiplied by the scaling
factor supplied. The efficiency valuesin the transmission matrix will therefore represent efficiencies at

different torques and speeds than what is in the transmission file.

Continuoudly Variable Transmissions (CVT). The continuously variable transmission (CVT) is
also rather simple. SIMPLEV assumes a constant efficiency (input by the user at the prompt). The user also
inputs values for the low and high ratios of the CVT and the motor speed that is to be held constant.
SIMPLEV will hold this motor speed by calculating the gear ratio for the CV T that is between the high and
low ratios. Thelow ratio is used if the vehicle speed requires aratio lower than the minimum and the hi ratio
isused if the vehicle speed is higher than the maximum. The graph in Figure 34 isa qualitative
representation of the CV'T operation strategy and compares it to a 2-speed transmission.
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Motors

Motors are defined by the ASCII motor files (those with ".MOT" filename extensions) according to
the example of the IDSEP motor file shown in Figure 35. The numerical information in this file contains the
efficiency matrix for the motor in terms of the motor output torque and output speed and the peak torque
versus speed of the motor. In this example the values in the efficiency matrix include the transmission and

inverter losses and represent the entire driveline efficiency.

Thefirst line of the motor file contains a character string identifier which will be used in the program
output to identify the motor used. Integer values on lines 2 and 3 define the size of the motor efficiency
matrix (rows and columns, respectively). The maximum size of the motor efficiency matrix is limited to 20

rows by 30 columns.

The motor efficiency matrix is entered next as shown in Figure 35. Column headings of motor
output torque (in Ib-ft) are entered on line 4 in increasing order (negative torque represents the regenerative
braking quadrant of operation). The motor output speeds (in rpm) and efficiencies are then entered beginning
online5. Thefirst value to appear on these lines must be the speed coinciding with the efficiencies entered
on the remainder of thisline. Thelast entry on each line isthe motor peak torques (Ib-ft) corresponding to
the speed entered on the beginning of each line. The number of efficiencies entered must coincide with the

number of torque entries on line 4. Character strings are allowed only on the first line of thisfile.
During program execution, SIMPLEV performs adouble linear interpolation from the datain the

motor efficiency matrix. If either the motor output speed or output torque is beyond the data supplied, then a

linear extrapolation is performed. This calculated efficiency is then used to determine the motor input power.
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Figure 34.
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Figure 35.
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Scaling Motors. During the input session, the user is given the opportunity of scaling the motor.
The user is prompted for scaling factors for output speed and output torque. |If this option is chosen, the row
and column values for speed and torque are multiplied by the scaling factor supplied. The efficiency valuesin
the motor matrix will therefore represent efficiencies at different torques and speeds than what is in the motor

file.

Inverters/Controllers

Inverters or controllers are defined by the ASCII files (those with ".INV" filename extensions)
according to the example of the IDSEP inverter file shown in Figure 36. The numerical information in this
file contains the efficiency matrix for the inverter in terms of the motor output torque and speed and the peak
inverter/controller current versus motor speed. In this example the values in the efficiency matrix are al unity

since the entire driveine efficiency isincluded on the motor efficiency matrix.

Thefirst line of the inverter/controller file contains a character string identifier which will be used in
the program output to identify the inverter/controller used. The minimum inverter/controller voltage is
entered on line2. SIMPLEV will "clamp" this voltage during the simulation and not allow the battery voltage
under load to depress below thisvalue. The maximum current limit (in amperes) is entered on line 3.
SIMPLEV will adjust this value according to the I/Imax versus motor speed information in thisfile.
SIMPLEV will "clamp" this current during the simulation and not allow the battery current to exceed the
calculated value of maximum current at any particular motor speed. Under either of these conditions, vehicle
performance will be limited and a"best effort" attempt at the specified driving cycle will be simulated. Integer
values on lines 4 and 5 define the size of the efficiency matrix (rows and columns, respectively). The
maximum size of the inverter/controller efficiency matrix islimited to 20 rows by 30 columns. Comments
following the numerical values for minimum voltage and maximum current are for user convenience and are
ignored by SIMPLEV.

The inverter/controller efficiency matrix is entered next as shown in Figure 36. Column headings of
motor output torque (in Ib-ft) are entered on line 6 in increasing order (negative torque represents the
regenerative braking quadrant of operation). The motor output speeds (in rpm) and efficiencies are then

entered beginning on line 7. Thefirst value to appear on these lines must be the
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speed coinciding with the efficiencies entered on the remainder of thisline. The last entry on each lineisthe
ratio of peak current attainable to the absolute peak current, I/Imax, corresponding to the speed entered on the
beginning of each line. The number of efficiencies entered must coincide with the number of torque entries

online6.

During program execution, SIMPLEV performs adouble linear interpolation from the datain the
inverter/controller efficiency matrix. If either the output speed or output torque is beyond the data supplied,
then alinear extrapolation is performed. This calculated efficiency is then used to determine the battery

traction power.

Scaling I nverter/Controllers. During the input session, the user is given the opportunity of scaling
the inverter/controller. The user is prompted for scaling factors for output speed and output torque. If this
option is chosen, the row and column values for speed and torque are multiplied by the scaling factor
supplied. The efficiency values in the inverter/controller matrix will therefore represent efficiencies at

different torques and speeds than what isin thefile.

Battery Files

The battery is modeled using the open circuit voltage (VOC) and internal resistance (dV/dl) versus
depth of discharge (DOD) characteristics. Thisinformation isread into SIMPLEV from the ASCII battery
files (withthe".BTY" file extensions). Figure 37 listing the NIF-170 battery is an example atypical battery

file.

Thefirgt line of the battery file contains a character string which isused by SIMPLEV to identify the
battery used in the printed output. The second lineis an integer value of the number of series components
making up amodule. SIMPLEV assumes cdlls and modules are connected in series. Line 3 contains the
module battery weight in kilograms. The module weight is multiplied by the number of modules specified
during the input session to arrive at the total battery weight.

The rated ampere-hour capacity of the battery is entered on line 4. Thisvalueisused in conjunction
with the hour rating on line 7 to estimate the initial DOD of the battery at the beginning of each simulation

run.
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The Peukert curve coefficients of the battery are entered on lines 6 and 6. The Puekert relationship is

discussed above in previous sections. Line 7 containsthe "C" hour rating as discussed above.

The remaining lines contain battery data giving the depth of discharge versus open circuit voltage
and internal resistance (di/dV), respectively. Thisinformation must be entered in ascending order of DOD
and must cover the range of anticipated operation in the simulation. Data may be entered for any values of
DOD. Thismatrix islimited to 11 rows of data. Notations for the convenience of the user may be entered

after the values appearing on lines 2 through 7. Thisinformation isignored by SIMPLEV.

Auxiliary Power Unit Files

The mathematical description of the APU consists of three separate files having the filename
extensions of ".GEN", ".ENG", and ".CAT" for the generator, engine, and catalytic converter, respectively.

These files are constructed as follows.

Generator File. Referring to Figure 38, the first line of thisfile contains a string identifier.
Generally, thisfield is used to identify or name the generator modeled. The second line contains the generator
weight (in pounds). Thisweight will be included in vehicle weight for the simulation. The third and fourth
lines must contain the maximum and minimum generator output in watts. The maximum generator output
will be used to determine the generator efficiency according to the calculated P/P,,, from the efficiency table.
During program execution, the generator output will not be allowed to operate below the minimum value

entered whilethe APU isin the"on" state.

The remainder of the information supplied provides the simulation with two columns of data. On
each line, provide the value for the generator P/P,.,, and generator efficiency, respectively. Up to 11 rows
may be entered.

Engine File. Referring to Figure 39, the first line contains a character string denoting the type of

fuel used by the engine. The second line provides two characteristics of this fuel, namely the fuel density
(g/L) and the energy content (W-h/L), respectively. Thethird line of thisfile contains another
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character string denoting the name of the engine for identification in the simulation output. Following on the
next line isthe weight (in pounds) of the engine. Thisweight will be included in vehicle weight for the
simulation. Thefifth line contains a value for the maximum engine output in watts. Asin the case of the
generator above, the maximum engine output will used to determine the emissions. Additionally, the engine

cannot be operated above this value.

The next line contain the emissions (in grams) of HC and CO respectively, when the engineisfirst

turned "on". Line 7 contains the HC and CO emissions (in grams) when the engineis turned "off".

The remainder of the information supplied provides the ssimulation with five of data. On each line,
provide the value for the engine P/Pmax, brake specific fuel consumption (g/kW-h), HC emissions (g/kW-h),
CO emissions (g/kW-h), and NOx (g/kW'-h), respectively. Up to 11 rows of data may be entered.

Catalytic Converter. Referring to Figure 40, the catalytic converter file contains two lines of
information. Thefirst line contains a character string denoting the name identifier of the catalytic converter.
The second line contains the characteristic time of warm-up of the catalyst, T.HW, the cooling factor relative

to heating, a, and the maximum catalytic converter efficienciesfor HC, CO, and NO,, respectively.

Driving Schedule Files

The ASCII driving schedule files contain the speed versus time information that is used by
SIMPLEV. All driving schedule files havethe".CY C" file extension. The example in Figure 41 of the SAE
J227a A cyclefile supplied with SIMPLEV shows the format of these ASCI| files. Line 1 containsa
character string which identifies the driving cycle. This character string isused by SIMPLEV to identify the
driving cycle in the output. The value on line 2 isthe timeincrement (in seconds) for which the speeds listed
inthefile. Theremainder of thefile lists sequentially the speed versus time profile. SIMPLEV ignoresthe
listed time, and speeds are in mph.
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